Abstract. Land Surface Temperature (LST) investigation in the Sahel zones is a crucial task to counter the climate change effects. Inner Delta of Niger (IDN) affected by a significant change of LST over an eighteen years period (from 2000 to 2017) is threatened by natural risks like volcanic hazards and the degradation of the global environment. This work focuses on the 10 Early Warning Systems and Monitoring Technologies of the LST change over the existent phenomena and different types of geologies. Indeed, the processing of MODIS (Moderate-Resolution Imaging Spectroradiometer) data was carried out from Geographic Information System (GIS) and remote sensing (RS) methods including "equal interval" method followed by the highlighting of hottest sectors as well as their delineations. The diachronic analysis of processed images into 5 temperature slices at equal interval, shows a temperature increase over the said period with an annual rate of increasing temperatures of 15 0.24°C. The spatiotemporal dynamics of temperature slices "19.21°C to 25.15°C", "25.15°C to 31.10°C" and "31.10°C to 37.05°C" shows an extension of surfaces with mean annual progress rates of 0.13%, 0.20%, and 1.74% respectively. At the same time, mean annual regress rates of -0.64%, and -1.42% has been observed at the temperature slices "37.05°C to 43.00°C" and "43.00°C to 48.94°C". The attrition (disappearance of spots) of 12.22% represents the dominant spatial transformation process of the maximum temperature slice "43.00 °C to 48.94 °C" which spreads over a mean surface of 4.42%. Thus the 20 maximal temperature increases while its occupancy surface decreases. Therefore, The IDN threatened by the desertification is affected by a strong terrestrial global warming determining the volcanic hazards areas (Faguibine Lake).
Introduction
The MODIS image is a good indicator of Land surface temperature (LST) on the interface analysis in order to characterize areas. The latest decades has registered the attraction of much attention through the LST at large-scale (Roy et al., 2014; 25 Vlassova, Pérez-Cabello, Mimbrero, Llovería, & García-Martín, 2014; Wang, Liang, & Meyers, 2008; Zorer et al., 2013) and the advancement of earth and environmental sciences in the desertification monitoring so as in the monitoring of surfaces at the volcanic hazards (Hillger & Clark, 2002a , 2002b . One of the major driving forces causing many extremes of soil anomalies whose in recent years that many regions have undergone is the terrestrial global warming (C et al., 2013; Committee, 2015; Tol, 2009) . Based on meteorological stations data, many studies have quantified the global temperature of the earth (Coumou,Robinson, & Rahmstorf, 2012; Frangou, Ladle, Malhado, & Whittaker, 2010; Rahmstorf & Coumou, 2011) . Then several phenomena and climate extreme have been recorded during 2011-2015 and the probability increased by a factor of ten or more, in the case of some extreme high temperatures (World Meteorological Organization, 2016a) (World Meteorological Organization, 2016b) . Only temperature anomalies have concerned most analysis (Report, 2018; Weber et al., 2014) . The Inner Delta of Niger (IDN), in central of Mali, through desert regions represents one of the hot areas of the African plate (Direction, 5 2008; Mao, K et al., n.d.) . Inner Delta of Niger, is part of a large geological structure (Continental Terminal, Precambrian, Quaternary) that have played several roles since the Pan-African Orogeny and may have current activity (Inger, Dione, Jarosewich-Holder, & Olivry, 2006) , (El Abbass et al., 1993) . Certain portions of the region are superimposed on an area of positive gravity anomalies (Svensen et al., 2003) . The parallelism between the gravity and structural directions is particularly marked between Tombouctou, Faguibine and the Nara Trench (Chudeau, 2018; Zwarts, Van Beukering, Kone, & Wymenga, 10 2005) . In April 2001, has been receiving reports about increased thermal activity in Tombouctou area (Svensen et al., 2003) .
Hot fumaroles and magmatic rocks whose the upper part of a hydrothermal system has been observed and considered as volcanic activity (Villatte, 1973) . The objective of this work is to analyze temporally the LST of the Inner Delta of Niger in relation to the different sectors, then to document the evolution of the surface warming.
Study area 15
Inner Delta of Niger is located in the central part of Mali in West Africa (figure 1) and it is delimited by longitudes 6.203597°W, 1.492470°W and latitude 13.318241°N, 17.340885°N, covering an area of approximately 131886.607 km 2 . The Niger River crosses the study area from southwest to the northeast direction. Its geology is composed at the north by the dunes and sandy, Clays, laterite; in the Tombouctou region (Dembélé & Ye, 2017; Olivry, 2002) , where are located the Faguibine lake, lake Kamaga, and lake Gouber with a surface temperature as high as 765 °C in January 2002 expressing a volcanic activity (Irrigués, 20 Piv, & Takara, 2007; Villatte, 1973) . A movement of air masses from the Intertropical Convergence Zone is associated with weather conditions (Inger et al., 2006; WWF, 2006) . Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org /10.5194/nhess-2018-208 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Discussion started: 3 September 2018 c Author(s) 2018. CC BY 4.0 License.
Methods and Data
The developed methodology shows different steps to derive temperature series from MODIS images (figure 2). The archived images have been selected from databases of the website "earth explorer" in the way that the study area must be completely covered by a good visualization until 95% (Survey, 2005; USGS United States Geological Survey, 2016; Wan, 2007) . The 5 unit of the generated temperature of the land surface by the Landsat-8 satellite is in Kelvin degree with 0.928 kilometer of spatial resolution. Characteristics of the effective calibration parameters of Scientific Data Sets (SDS) are expressed in the below Table A (Wan, 2007) . The used images MODIS MOD11A1V6 are selected over a period of eighteen years (2000 to 2017). The used method presents 3 separate parts whose preprocessing includes the MODIS data clipping with the study area followed by the data screening for Kelvin degree and the conversion in Celsius degree. The "equal Interval" method has 10 allowed processing each image into 5 classes of temperature, then to highlight the extent of different surfaces having high temperatures (figure 3). The study area divided between different and geologies and landscapes formations established an LST dynamics and an LST modelling ( figure 3 and figure 6 ). Thereby, analyze LST transition, STP evolution of LST, and area morphology to characterize the different sectors of the study area. 
Results

Land surface Temperature as seen through MODIS images after processing
According to the general temperature change on figure 3, the LST increases from Southwest to North direction while to 5 highlight certain characteristic places in the "Dunes-sandy, clays and laterite" areas in the Goundam zone (Dembélé & Ye, 2017; Inger et al., 2006) . Some of these characteristic places located in the faguibine lake, kanango lake and Gouber lake from the subsequent works, have been already marked by a volcanic activity (El Abbass et al., 1993; Svensen et al., 2003) . During these eighteen years, means of slices of maximum and minimum temperatures "43.00°C to 48.94°C and 19.21°C to 25.15°C" occupy smallest surfaces, while the biggest surfaces are occupied by the mean temperature slice "31.10°C to 37.05°C". In the 10 center of the recent alluvions has been detected the minimum mean temperature slice "19.21 ° C to 25.15 ° C" due to the existence of rivers. Temperature slices "31.10°C to 37.05°C and 25.15°C to 31.10°C" are exhibited in the major part on the recent alluvions mainly in the vegetation part toward the south of the study area. 4). From the mean statistics of surfaces, the slice "37.05°C to 43.00°C" keeps the biggest area with 64.59%, while the minimum and the maximum slices "19.21°C to 25.15°C" and "43.00°C to 48.94°C" occupy the smallest surfaces respectively with 2.02% and 4.02%, which implies an extension of desertification.
Therefore, the maximum temperature increases year by year with an annual progression of 0.24°C while the surface occupied by the highest temperature decreases of -1.42% by year. This means strong transitions between surfaces of the local slices of 10 temperatures of different years, and consequently to the determination of the hottest areas located in the North part. Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org /10.5194/nhess-2018-208 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Discussion started: 3 September 2018 c Author(s) 2018. CC BY 4.0 License.
-The characteristic of the LST morphology
The characteristic of the LST morphology is further builted as based on the continuous and smooth modelling. The 3D format of the Mean of 18 years is illustrated in Figure 6 . The morphology of the modelling is well described over the area. The 5 diversified mean LTS values "from 19.21°C to 48.94°C" show from the geology and landscape configuration an appreciable demonstration. The morphological typical shapes such as concave, ridge, and flat part are illustrated in Figure 6 by taking the mean as an example. The three regions has revealed that the LST of volcanic and some mountains areas is the highest, followed by flat bare soil, and water areas (Dembélé & Ye, 2017; Mahe, Orange, Mariko, & Bricquet, 2011; Maiga. H, Marie. J, Morand. P, N'Djim. H, 2007) . Accordingly, the first region performs as a concave shape as a water area surrounded by wet area included 10 between "19.21°C to 31.10°C" in the recent alluvions (Dembélé & Ye, 2017) . Also mainly as a semi-dry area, the second region demonstrates as a flat part between "31.10°C to 43.00°C" into the arrangement of precambrian and continental terminal formations at southwest and at the East of recent alluvions. The third region reveals a ridge morphology as it is a mixed Dunes, sandy, clays, and laterite at the northwest of the study area include between "43.00°C to 48.94°C". Therefore, being an occupied land in major part by recent alluvions area makes the 3D format of the first region presents as a concave shape, while the 15 region in ridge shape is constituted by the volcanic hazards area. 
Composition of temperature slices at the environmental scale 5
The evolution of LST between 2000 and 2017 generally shows a decrease in the extent of the highest temperature slices ( Figure   5 ). Indeed, the maximum slices "37.05 ° C to 43.00 ° C and 43.00 ° C to 48.94 ° C" which, in 2000, were the dominant matrices of the environment respectively with 25.60% and 58.11% (figure 5), undergo an annual regression respectively -0.64% and -1.24% towards the north (figure 7), with a high concentration of the maximum slice "43.00 ° C to 48.94 ° C" in the Faguibine lake. On the other hand, the slice "31.10 ° C to 37.05 ° C" experienced a sharp spatial increase over the same period, from 10 12.72% of the total area surveyed in 2000 to 42.25% in 2017, a respective annual increase of 1.74% which made of it the dominant matrix in temperature of the environment. The total areas of the minimum "19.21 ° C to 25.15 ° C and 25.15 ° C to 31.10 ° C" slices experienced slight spatial increases of 0.44% and 3.14% respectively up to 2.57% and 6.47% over the same period (2000 to 2017), with a rate of annual increase of 0.13% and 0.20% of these respective minimum slices.
15
(1)Concave (Table C) . In summary, dominant spatial transformation processes constitute 53.33% of spots creation (formation of new spots) followed by 46.66% of spot attrition expressed in different levels (figure 8). Thus the maximum temperature slices "43.00 ° C to 48.94 ° C" undergone more disappearance of the spots (attrition) up to 12.22% where the shrinking of its surface until the volcanic hazards zone (Faguibine Lake).
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Conclusion
A diachronic analysis of MODIS satellite images over a period of eighteen years from 2000 to 2017 was conducted to evaluate the dynamics of Land Surface Temperature and its impact on the environment. The "equal interval" method used has permitted to discriminate five temperature slices occupying the study area and their mean areas occupied respectively 2.02% ("19.21 ° 5 C to 25.15 ° C"), 7.00% ("25.15 ° C to 31.10 ° C "), 21.97% (" 31.10 ° C to 37.05 ° C "), 64.59% (" 37.05 ° C to 43.00 ° C "), and 4.42% (" 43.00 ° C to 48.94 ° C "). The analysis of the LST carried out over the period 2000-2017 makes it possible to identify a temporal and spatial evolution of the occupation spaces of the temperature slices. The calculated mean annual evolution rates show a progression of the first three mean temperature slices "19.21 ° C to 25.15 ° C", "25.15 ° C to 31.10 ° C", and "31.10 ° C to 37.05 ° C" respectively 0.13 %, 0.20%, and 1.74%; and a regression of the mean temperature slices 10 "37.05 ° C to 43.00 ° C", and "43.00 ° C to 48.94 ° C" respectively -0.64%, -1.42%. Similarly, a strong accentuation of the maximum slice "43.00 ° C to 48.94 ° C" in the Faguibine Lake was observed and proved by 12.22% attrition as the dominant spatial transformation process of the maximum slice. As a result, terrestrial global warming takes up a lot of space in the IND with the determination of volcanic areas, followed by the degradation of the global environment and the expansion of desertification. Thus, this work has valuable elements for future studies of terrestrial global warming. 15 (Bogaert, and al.2004) . Therefore, knowing n (number of spots) a (area) and p (perimeter), the difference is applied between the year and the previous (example= 2001 and 2000) 
